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Land-Use Mapping by Machine
Processing of LANDSAT-1 Data

Land-use maps of the City of Virginia Beach at a scale of
1:24,000 were produced using the LARSYS machine
processing approach.

I N THE REPORT of the Committee on
Remote Sensing for Agricultural Purposes

(NAS, 1970), Luney and Dill noted: "Histor
ically, land-use data have been compiled by
census interviews or by field mapping. In

use data consist of data compiled by census
from personal interview, mail questionnaire,
study sample areas, or some combinations of
these means. Generally, these methods take
a relatively long time because the number of

ABSTRACT: Data on computer-compatible tapes of LANDSAT-1 MSS
Frame E-1483-15132, of August 30, 1973, were analyzed to generate
a land-use map of a portion of the City of Virginia Beach, Virginia.
Bands 4, 5, 6, and 7 were used in the supervised approach with the
LARSYS software system of Purdue University. A Land-Use/Land
Cover map at a scale of 1:24,000 was obtained. Major functional
classes delineated were "Urban," "Agricultural," "Wooded," "Wa
ter," "Wetland," and "Bare Land." Twenty-four subdivisions of
these classes were spectrally separable. Some of these were subdivi
sions of Level II of the Inter-Agency Steering Committee on Land
Use Information and Classification. Extent of man-made structures,
unit density, and degree of weathering were important in subdivid
ing the Urban class. In the Agricultural class, crop type was the
most important factor. Vegetation types, age, and thickness of un
dergrowth were important in Woodland and Wetland areas; the
depth, turbidity, and degree ofalgal and other pollution determined
Water subclasses. Bare Land consisted mostly of beaches and
mudflats. Performances of 97.9 percent for training field, 93.9 per
cent for test field, 97.0 percent for training class, and 92.1 percent
for test class were obtained. Construction activities caused some
misclassifications. The LARSYS software system was found to be
useable in areas with complex land uses. The production of highly
accurate functional land-use maps with the machine processing ap
proach was found to be feasible.

some countries, major classes of land use are
mapped in the field and published, usually
on a small scale. For most countries, land-
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trained scientists is limited or because the
number of less-well-trained people required
is large. These factors account for the rela
tively long intervals between census proj
ects in many countries."

While this situation is still true in some
countries, it is rapidly changing in many
others. In recent years, pressing needs for
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increased food production, environmental
protection, and the preservation of prime ag
riculturalland from encroachment of sprawl
ing urban and suburban development have
awakened the interests of many in the sub
ject of land use and the problems it entails.

Some of the developments which have ef
fected substantial changes in the situation
described by Luney and Dill have been in
the area of remote sensing. Better sensing
and interpretation instruments and
techniques have facilitated increased
applicability of remote sensing to land-use
inventory. Huson (1970) used remote
sensing techniques to delineate 12 major
land-use categories in the Crati Valley, Italy.
Allan and Alemayehu (1975) used rural
land-use parameters as interpreted from
1:20,000-scale aerial photographs to estimate
the population of a rural area 200km 2 in
Wolamo, Ethiopia; and Keech (1974) was
able to make an almost complete farm plan
on aerial 1:20,000 photographs for the
"European" fanners in Rhodesia.

Remote-sensing techniques also have
been used in urban area land-use analysis.

Wray (1948) used aerial photographs to de
velop an atlas of Chicago Municipal Airport.
Pownall (1950) explained an early remote
sensing attempt at urban land-use classifica
tion in which land-use areas categorized as
commercial, recreational, and vacant were
keyed on the basis of tone, texture, stereo
appearance, pattern, distribution, and as
sociative characteristics. Witenstein (1954,
1956) studied Rockville, Maryland over a
number of years and classified urban areas
according to function, structure, type, and
density of roof coverage patterns.

In recent years considerable attention has
been shifted from what has become known
as "conventional" aerial photography to
small-scale high-altitude and space photog
raphy. These have been applied to land-use
classification in both rural (Vegas, 1972; Alex
ander, 1973b) and urban (Alexander, 1973a;
Simpson et aI., 1974) areas. In addition,
machine-processing techniques have been
developed for interpretation of remote
sensing data. Fitzpatrick and Lins (1973),
Wilson and Petersen (1973), and Joyce
(1974) have used these techniques in rural
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FIG. 1. General map of the study area showing major drain
age and communication routes.
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FIG. 2. Band 7 of LANDSAT-l MSS image of August 30,
1973. The study area is outlined.
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land-use analysis; and Borden et al. (1973)
and Ellefsen, Swain, and Wray (1973) have
applied the same techniques in urban areas.
The study reported here applied these
techniques to the City of Virginia Beach,
Virginia.

The study area is located in the southeast
ern tip of Virginia. It has a total area
of 803km2 , 83 percent (67,000ha) of which is
land. Of that, only about 12,000ha consist of
well-drained soil (Simmons and Shulkcum,
1945). Less than one-half of the well-drained
soils remain in agriculture.

The population of the city increased from
172,106 in 1971 to an estimated 210,000 in
1974, and is projected to reach 300,000 by
1990. The land use in the area is thus chang
ing very rapidly, mainly from the relatively
uniform agricultural to the more complex
urban.

The study was therefore conducted with
these objectives: (1) to test the applicability
of the LARSYS pattern recognition software
for land-use mapping in this rapidly chang
ing and complex environment, and (2) to de
termine the feasibility ofproducing an opera
tional land-use map by using the machine
analysis approach. The latter can effect a
substantial saving in time required for

analysis and interpretation, and at the same
time generate land-use maps that are more
detailed than the currently existing ones.

MATERIALS AND METHODS

The City of Virginia Beach, Virginia, com
prising the recently incorporated (1963)
Princess Anne County, lies in the Coastal
Plain physiographic division in the Tidewa
ter Section of Virginia. Although some dunes
at Cape Henry are as high as 26 metres
above sea level, few places are above 6
metres. Relief of as much as 6 metres occurs
locally in the northern one-third of the city,
and substantial areas of the city are within 3
metres of the mean sea level. The major
drainageways and communication routes
and the location of the study area are shown
in Fig. 1.

Although the southern half of the city is
predominantly agricultural, the urbanized
area is rapidly advancing southward. Lim
ited agricultural activities persist in the
more urbanized northern one-third of the
city, but these are rapidly succumbing to ur
banization.

The remote-sensing data used were those
of the LANDSAT-l (ERTS-l) Multi-Spectral
Scanner (MSS), obtained August 30, 1973
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(Figure 2). Only the portion of the city in
cluded in this scene (about three-fourths of
the total area) was analyzed. Because the
major thrust of the research utilized machine
processing, the use of the visual form of
LANDSAT imagery was limited. Rather, the
computer-compatible tapes (CCT) contain
ing the original electro-optical digital data
were used directly. All the four bands of the
MSS were utilized in the analysis. The prin
ciples and operation of the LANDSAT
equipment have been described in several
NASA publications (Wolff, Cote, and Paint
er, 1975) and the fidelity of these data have
been investigated and evaluated in previous
research (Colvocoresses, 1970; McEwen,
1973). Low-altitude aereal photographs and
medium scale topographic maps were used
to aid in ground data verification.

Analysis was conducted through a 2780

remote terminal located at the NASA Wal
lops Flight Center. This terminal is con
nected to the Central Processing Unit (CPU)
located at the Laboratory for Applications of
Remote Sensing (LARS), Purdue University,
West Lafayette, Indiana.

The software employed is the LARS
developed LARSYS pattern-recognition
package. It is a "fully documented software
system for installation on a general purpose
computer to provide tools for remote sensing
research" (Phillips, 1973), and is fully de
scribed in the three volumes: "LARSYS
Users Manual" (Phillips, 1973). The results
of the supervised classification approach are
described in this paper.

After examination of the topographic
maps, low-altitude imagery, and an on-site
inspection of the study area, six tentative
land-use test classes were selected. These
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FIG. 3. LARSYS Ver. 3 classification printout. The outlined area is represented in Figure 4.
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were "Urban," "Agricultural," "Wooded,"
"Water," "Wetland," and "Bare Land."
These were later retained.

A total of 110 training fields with 4854 data
samples (pixels), and 32 test fields with 3025
data samples were developed for the six test
classes. No upper limit was set in advance
concerning the number of training and test
fields to be used. Rather, the training fields
for each test class were randomly selected
and were scattered throughout the study
area. The 4854 figure was arrived at after ini
tial clustering and refinement of the training
fields. These data samples were distrib
uted as follows: Urban-237, Water-2937,
Wetland-761, Wooded-174, Agricultural-618,
and Bare Land-127. The test fields also were
distributed throughout the study area.

The selected training fields for each test
class were refined by clustering them into
"twice the expected subclasses" (Linden
laub, 1973). Through this process, a total of
24 subclasses were derived for the six test
classes.

The four-page line printer output map ob
tained from the final classification was over
layed with glazed acetate and the land-use
classes were delineated on the acetate. In
this way, the classified pixels were
generalized into hand-drawn land-use poly
gons. In consideration of the clarity and
legibility of the hand-drawn map, it was ar
bitrarily decided that three contiguous simi
larly classified pixels would be the smallest
separate delineation. The units of the maps,
which correspond to the subclasses of the
classification process, were coded with
either two or three letter symbols, depend
ing on whether the unit corresponded to
Level II of Anderson et al. (1972) or whether
it was a subdivision of a Level II unit.

RESULTS AND DISCUSSION

Performance statistics obtained in the final
classification were high, and because all the
test fields were ground-checked (a light
plane was used for inaccessible areas), this is
interpreted as indicating a highly accurate
map. In addition, the map was evaluated at
random points throughout the study area.
The training field performance was 97.9 per
cent and the test field performance was 93.9
percent. The average performance by class
for training class was 97.0 percent, while that
for the test class was 92.1 percent. A sample
printout map of this classification is given in
Figure 3. Separation at Level II (Anderson et
aI., 1972) was achieved for all the six Level I
land-use classes in this area, and Level III
was also achieved for a few of the classes.

FIG. 4. Portion of the functional land-uselland
cover map derived from the machine processed
printout map. Symbols are explained in Table 1.

The sub-divisions of the various Level I
classes, which are the 24 cluster classes,
were achieved on the basis of the charac
teristics summarized below. These charac
teristics were evaluated after the classifica
tion

(1) The Urban class was found to contain a
wide variety of cover types with various
optical reflectance characteristics. These
included concrete and asphalt surfaces;
roofs of various colors; a variety of lawns
and ornamental trees; both highly weath
ered and relatively new industrial sites;
and an assortment of tennis courts and
sWimmi~g pools. The separation into
three subclasses was achieved on the
basis of the extent and density of man
made features and on the degree of their
weathering.

(2) Of the six Level I land-use classes in the
study area, the Agricultural class was, rel
atively, the most homogenous. Four ag
ricultural subclasses were delineated.
These were areas in corn (Zea mays), in
soybeans (Glycine max), in transition from
winter wheat (Triticum aestivum) to no
till soybeans, and in pasture and other
grassland areas. Minor crops of the area,
such as sweet potatoes, irish potatoes,
strawberries, and other vegetables, were
included in one or more of these subclass
es.

(3) The Wooded and Wetland classes were
subdivided into three and five subclasses,
respectively, on the basis of the age,
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height, amount of branching and leafi
ness, and the amount of understory vege
tation. Forested and non-forested wet
lands were delineated.

(4) Six subdivisions of the Water class were
obtained on the basis of its turbidity with
respect to suspended inorganic and or
ganic sediment, presence or absence of
algal growth, extent of weed growth,
depth, and relative calmness.

(5) The Bare Land class was subdivided into
three subclasses. These were bare sandy
beaches, partially vegetated beaches and
inland sand, and bare tidal mudflats.

A portion of the functional land-use/land
cover map obtained in the study is repro
duced in Figure 4. By printing every pixel, a
map of 1:24,000 scale is obtained by

machine processing of the satellite data ac
quired at the small scale of 1:3,369,000. The
legend of the map, explaining the symbols
used in the map is shown in Table 1. The
subclasses explained above formed the de
lineated units of the map.

CHARACTERISTICS OF THE MACHINE

PROCESSED MAP

In the traditional land-use mapping
methods, functional classes are assigned on
the basis of the recognition and interpreta
tion of the scene. In machine processing, the
classification is based solely on similarity in
spectral reflectance characteristics. Spectral
classes do not always correspond to func
tional classes. Relative homogeneity in

Map Symbols

TABLE 1. LEGEND OF THE LAND-UsEiLAND-COVER MAP PRODUCED BY
MACHINE PROCESSING OF LANDSAT-1 MSS DATA

Explanation

Urban Areas
Urm

Uc

Uri
Agricultural Areas

Aw
Ac
As
Ap

Wooded Areas
Fy

Ft

Fr

Water Areas
Ws

Wr
Wb

Ww
Wc
Wo

Wetland Areas
Mp
Mf
Ms
Mb
Mn

Bare Land Areas
Bs
Bl

Bm
Other Areas

Thr

Medium Density Single Family Residential with 15-22 Units Per Hectare, (7-10
ulac)
Extensively Paved Commercial Centers. Includes Drive-In Theaters and Large
Warehouses
Low Density Single-Family Residential with 4-14 Units Per Hectare, (2-6 ulac)

Areas in Transition From Wheat to Late No-Till Soybeans
Corn Fields
Dense, Green, and Leafy Early No-Till Soybeans
Pasture and Other Grass Land Areas. Includes Golf Courses, Playing Fields, and
Some Lawns.

Young Forests, Mostly in Recently Abandoned Agricultural Lands, with Moder
ate to Sparse Undergrowth
Transitional Areas from Agricultural to Urban with Short Bushes and Tall Grass
es
Old Residential Subdivisions in Which Ornamental and Climax Vegetation Al
most Completely Cover the Houses and Streets

Shallow Water Along Coastline, Submerged Shoal and Sandbars, and Areas of
Cloud Cover
River and Canal Water
Bay Water in Chesapeake Bay; Including Lynnhaven Bay, Broad Bay, and Little
Creek
Waters of Back Bay with a Thick Growth of Weeds
Clear on-Ocean Water of Lakes, Inland Ponds and Some Parts of Back Bay
Atlantic Ocean Open Water

Highly Branched, Moderately Tall Wetland Forest with Thick Undergrowth
Tall, Stemmy, Mature Hard Wood-Pine Mixture with Thin Understory
Sea Shore State Park Vegetation Mixture
Short, Thick, Discontinuous Patches of Salt-Tolerant Bushes
Non-Forested Wetland Areas Dominated by Various Salt Marsh Grasses

Highly Reflective Beaches and Other Excavated Areas Devoid of Vegetation
Partially Vegetated Lee-Wards of Beaches and Similar Inland Areas

Wet Mudflats and Tidal Flats Very Sparse in Vegetation

Isolated Areas of Unique Land Uses Whose Characteristics Are Dissimilar to All
Others
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TABLE 2. SPECTRAL RESPONSE COMPONENTS OF THE MAJOR LANO-USE CLASSES

Functional Classes Spectral response component sources
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Urban Highly reflective concrete surfaces, light brown to white walls and roofs; low
reflective asphalt surfaces, dark brown to black roofs and walls. Red walls,
landscaped lawns and playgrounds, and numerous species of ornamental
trees of all ages. Automobiles, shipping harbors and railroad yards.

Agricultural Various agricultural crops: corn, soybeans, wheat and wheat stubble, barley,
oats, and potatoes. Nurseries, lawns, playing fields, golf courses, pastures, and
parks. Scattered areas of vegetable and truck crops. Isolated farmhouses,
barns and other farm structures.

Wooded and Wetland Numerous species of hardwoods and evergreens, brushes and grasses of var
ious heights and ages, leaf geometry, and leaf area indexes. Flowers ofvarious
pigmentations.

Water Suspended mineral and organic sediment, water weeds, algae, oil slicks, and
sandy beds.

Bare Land Highly reflective bare sand, low reflective organic and mineral mudflats, and
clumps of salt-tolerant grasses.

spectral characteristics is best achieved in
agricultural fields during the growing season
(LARS, 1970). At the other end, maximum
diversity is obtained in urban areas. In all
cases, the class based on spectral characteris
tics incorporates an interplay of all the spec
tral characteristics of all the component
members of the class population. Contribu
tion to the integrated "picture" depends on
the frequency of the members of the popula
tion and on their other physical characteris
tics. The members of the population will de
pend on the area being classified.

Some of the components of the. classes
identified in this study are summarized in
Table 2. The Urban class is the most com
plex. It requires the combination of several
basically different ground cover classes into
a single land use. For example, single family
residential use is composed of such spec
trally diverse features as asphalt streets; con
crete drives, patios, and stairs; roofs of vari
ous colors; varying stages of maturity of
landscaping; churches; schools; vehicles of
many sizes and colors; and swimming pools.
Even when the single family class is sub
divided on the basis of density, a measure of
units per land area, the interplay of these
components is not minimized. Successful
classification of the urban class is largely
achieved because of the general tendency
for a specific urban function to be conducted
in a specialized urban environment.

Although relatively the most spectrally
homogeneous, many factors must be consid
ered in classifying agricultural areas on the
basis of their spectral response characteris
tics. These factors have been investigated
(LARS, 1968) and include plant geometry,

planting technique, row direction, date of
planting, date of harvest, variety of crop
species, species and crop use, and other ag
ricultural patterns. Some of these may be
more or less important depending on the
time in the growing season the data are ob
tained. Thus, if the goal in agricultural
land-use classification is discrete crop iden
tification, the remote-sensing data taken
specifically for this purpose should be taken
at times when the different agricultural
crops exhibit maximum spectral homo
geneity.

COMPARISON WITH THE USGS PROPOSED
SYSTEM

The U.S. Geological Survey (Anderson et
ai., 1972) proposed a land-use classification
system for use with remote sensor data. The
system has levels of generalization I, II, III,
and IV; the more discrete higher level use
categories are collapsible into the more gen
eral lower classes. The system was de
veloped on the assumption that different
sensors will provide infonnation for differ
ent levels of classification. It was antici
pated that Level I would require "satellite
imagery, with very little supplemental in
formation;" Level II would require "high
altitude and satellite imagery with topo
graphic maps;" Level III would require
"medium-altitude remote sensing (1:20,000)
combined with detailed topographic maps
and substantial amounts of supplemental in
formation;' and Level IV would utilize
"low-altitude imagery with most of the in
formation derived from supplemental
sources." Manual methods of imagery in
terpretation were assumed. Indeed, the au-
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TABLE 3. COMPARISON OF A LAND-USE CLASSIFICATION DERIVED FROM MACHINE PROCESSING OF
LANDSAT-I MSS CCT DATA WITH U.S.G.S. PROPOSED LAND-USE CLASSIFICATION SYSTEM

FOR USE WITH REMOTE SENSOR DATA

Machine-processed U.S.G.S. Proposed System

LANDSAT-l Data Level I Level II

1. Urban 01. Urban and Built-up
Medium Density 01. Urban and Built-up 01. Residential
Residential 01. Urban and Built-up 01. Residential
Low Density 01. Urban and Built-up 01. Residential
Residential 01. Urban and Built-up 01. Residential
Commercial 01. Urban and Built-up 02. Commercial and Services;

03. Industrial;
04. Extractive;
05. Transportation, Communications,

and Utilities
06. Institutional;
07. Strip and Clustered Settlement;
08. Mixed

2. Agricultural 02. Agricultural
Wheat Stubble 02. Agricultural 02. Cropland and Pasture
Corn Fields 02. Agricultural 02. Cropland and Pasture
Soybeans 02. Agricultural 02. Cropland and Pasture
Pasture 02. Agricultural 02. Cropland and Pasture

3. Wooded 04. Forest Land
Young Forests 04. Forest Land 01. Deciduous;

04. Forest Land 02. Evergreen (Coniferous and Other);
03. Mixed

Transitional Areas 04. Forest Land 03. Mixed
Forested Residential 01. Urban and Built-Up 01. Residential

4. Water 05. Water
River and Canal 05. Water 01. Streams and Waterways
Lakes, Ponds 05. Water 02. Lakes; 03. Reservoirs
Bays 05. Water 04. Bays and Estuaries
Shallow Coastline 05. Water 05. Other
Water
Ocean 05. Water 05. Other

5. Wetland
Peripheral 04. Forest Land 03. Mixed
Forested 04. Forest Land 03. Mixed
Seashore State Park 04. Forest Land 03. Mixed
Salt Bushes 06. Nonforested Wetland01. Vegetated
Nonforested Wetland 06. Nonforested Wetland01. Vegetated

6. Bare Land 07. Barren Land
Mudflats and Tidal 07. Barren Land 01. Salt Flats
Flats
Bare Beaches 07. Barren Land 02. Beaches
Partially Vegetated 07. Barren Land 02. Beaches
Beaches

thors asserted that"... classification of land
use from imagery will remain a personal task
for an indefinite period of time and will only
gradually become semiautomatic process
and perhaps eventually a fully automatic
procedure."

For manual interpretation, the
LANDSAT-1 imagery usually is enlarged to a
scale of 1: 1,000,000 or larger from the
1:3,369,000 scale. However, when machine
analyzed directly from the CCT's, each res
olution pixel (1.1 acres or 0.45ha) can be

discretely classified. When every pixel is
printed, the 1:24,000-scale printout map
overlays the standard USGS 7.5 minute
quandrangles. Thus, as long as the spectral
classes can be related to functional land-use
classes, more detailed information can be ex
tracted from these data by machine process
ing. Comparison of the results of this clas
sification with the recommended scheme is
given in Table 3. It demonstrates that for the
area studied, this assertion can be substan
tiated.
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CONCLUSIONS

The study applied one of the recently de
veloped machine processing techniques for
remote sensing analysis. The LARSYS
software system was developed and tested
for classifying mainly agricultural land uses,
and has also been employed in many non
agricultural areas. The present study has
shown that the system can be successfully
used in areas with complex land uses. With
adequate ground data, accuracies substan
tially better than the 85 to 90 percent nor
mally accepted by users ofland-use infol111a
tion can be obtained via the supervised ap
proach. In addition, the study has shown
that, compared to the techniques mentioned
by Luney and Dill (NAS, 1970), the machine
analysis approach can effect substantial sav
ing in investigation time while at the same
time improving the accuracy of the product.
Also, the feasibility of producing functional
land-use maps through the machine analysis
approach has been demonstrated.

Other possibilities have also been indi
cated by the results of this study. Quantifica
tion of land-use data or changes in land-use
seems to be feasible because the land area of
the pixel is known. The high speed attained
in the interpretation of the data is likely to
make temporal comparisons easier and fast
er, especially with the repetitive coverage
of LANDSAT. The machine analysis ap
proach reduces bias in classification, and the
inherent digitizing of the data facilitates data
storage and various forms of retrieval.

The "Land Use Classification System for
Use with Remote Sensor Data" proposed by
the USGS was found to cover adequately the
land uses of the area studied with only mi nor
modifications. Results obtained in this study
indicate that the proposed USGS system and
the LARSYS software could be used together
for natural resource inventorying on a re
gional basis.

REFERENCES

Alexander, R H. 1973a. Land use classification
and change analysis using ERTS-l imagery in
CARETS. Symp. on significant results of re
mote sensing obtained from ERTS-1. Sec. B.
923-930.

___. 1973b. ERTS regional-scale overview
linking land use and environmental processes
in CARETS. Symp. on significant results of
remote sensing obtained from ERTS-1. Sec B.
931-939.

Allan, J. A. and T. Alemayehu. 1975. Rural popula
tion estimated from air photographs: an
example from Wolamo, Ethiopia. The ITC
Journal 1975-1. 85-100.

Anderson, J. R, E. E. Hardy, and J. T. Roach.
1972. A land use classification system for use
with remote sensor data. U.S. Geo!. Surv.
Circ. 671. Washington, D.C.

Borden, F. Y., H. A. Weeden, D. N. Applegate,
and N. B. Bolling. 1973. Land use mapping.
In Interdisciplinary applications and in
terpretations of ERTS data within the Sus
quehanna River Basin. ASA CR-13561.

Colvocoresses, A. P. 1970. ERTS-A satellite imag
ery. Photogramm. Eng. 36:550-560.

Ellefsen, R, P. M. Swain, and J. R Wray. 1973.
Urban land use mapping by machine process
ing of ERTS-I multispectral data: a San
Francisco Bay area example. LARS Inform.
Note 032973. Purdue Univ., West Lafayette,
Ind.

Fitzpatrick, K. A., and H. F. Lins, Jr. 1973. A pre
liminary evaluation of land use mapping and
change detection capabilities using ERTS
image covering a portion of the CARETS re
gion. NASA CR-129987.

Huson, J. J. 1970. Land utilization in the Crati
Valley (Calabria, Italy): a study on the
applicability of medium scale aerial photo
graphs. Pub. of the Intern. Inst. of Aerial
Surv. and Earth Sc. (ITC). Delft, The Nether
lands. Series B, No. 57.

Joyce, A. T. 1974. Computer implemented land
use classification with ERTS digital data dur
ing three seasons. NASA-Lyndon B. Johnson
Space Center Report No. 135.

Keech, M. A. 1974. The application of aerial
photography to the planning of agricultural
development overseas. Photogrammetric Rec
ord 8(43): 19-26.

Laboratory for Applications of Remote Sensing
(LARS). 1968. Res. Bu!. 844. Purdue Univer
sity, West Lafayette, Ind.

___. 1970. Res. Bu!. 873. Purdue Univ., West
Lafayette, Ind.

Lindenlaub, J .C. 1973. Guide to Multispectral
Data Analysis using LARSYS. LARS Informa
tion Note 062873, Purdue Univ. West
Lafayette, Ind.

McEwen, R B. 1973. Geometric quality of ERTS
data. Symp. on Sign. Results Obtained from
the Earth Res. Tech. Sat.-l Sec. B. 1129-1130.

National Academy of Sciences. 1970. Remote
sensing, with special reference to agriculture
and forestry. NAS, Washington, D.C. 423 p.

Phillips, J. L. (ed.). 1973. LARSYS Version 3
User's Manual. LARS, Purdue Univ., Purdue
Res. Foundation, West Lafayette, Ind.

Pownall, L.L. 1950. Aerial photographic interpre
tation of urban land use in Madison, Wiscon
sin. Photogramm. Eng. 16:414-426.

Simmons. C.S., and E. Shulkcum. 1945. Soil Sur
vey, Princess Anne County, Va. USDA,
Washington, D.C.

Simpson, R.B., et al. 1974. Investigation of land
use of Northern Megalopolis using ERTS-I
imagery. NASA CR-2459.

Vegas, P. L. 1972. A procedure for the use ofsmall
scale photography in land use mapping.
NASA Earth Res. Laboratory Manned Space
craft Center.



524 PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING, 1977

Wilson, A. D., and G. W. Petersen. 1973. Agricul
tural land use mapping. In Interdisciplinary
applications and interpretations of ERTS data
within the Susquehanna River Basin. ASA
CR-135961 p. 63-87.

Witenstein, M.M. 1954. Photo sociometries-the
application of aerial photography to urban
administration and planning problems.
Photogramm. Eng. 20:419-427.

__. 1956. A report on application of aerial

photography to urban land use inventory,
analysis, and planning. Photogramm. Eng.
22:656-663.

Wolff, E. A., C. E. Cote, and J. E. Painter. 1975.
Satellite data collection user requirements
workshop-Draft Final Report. Goddard
Space Flight Center, Greenbelt, Md.

Wray, J. R. 1948. Atlas oj Ghicago Municipal Air
port. Unpub. Masters thesis, Dept. of Geogr.,
Univ. of Chicago, Chicago, Ill.

New Sustaining Members
Aerial Cartographics of America, Inc.

I N THE PAST FOUR YEARS since Aerial Carto
graphics was formed, they have ac

complished numerous topographic projects
totaling more than 75,000 acres, and have
flown 1,500,000 acres of timberland for paper
companies, mostly with color aerial film, and
18 counties for a total of approximately
14,000,000 acres.

Their equipment consists of turbocharged
twin engine Piper Aztec and Apache aircraft
and Zeiss RMK A 30/23, Zeiss RMK A 15/23,
and Zeiss RMK A 8.5/23 aerial cameras.

ACA completed its move into new and ex
panded facilities in July, 1976. Equipment
utilized are the Kern PG-2-SSL stereo plot
ting instruments, Kodak automatic 242 A
Supermatic Processor for black-and-white
products up to 42" in width, Durst color en
largers, Simplex and Colenta processors, COIl

tact printers for color and black-and-white, 40"
Process camera for enlarging and reducing
maps, and other related equipment to offer

the best service available. New equipment
installed last July included the LogEtronic
variable dodging color contact printer and a
52" automatic roller transport color processor
that will process color enlargements up to 4'
by 12', dry to dry in 9'12 minutes. With the
addition ofthe 50" automatic Color processor
ACA is one of the few photogrammetric firms
in the country with a complete color lab.

Their services offered include all phases of
photogrammetry, incl uding topographic
mapping, cross-sectioning, volumetric com
putations, final scribed maps, mosaics, color
and black-and-white contact prints and en
largements, overall composite maps, and
screened photo plan and profile sheets. Dur
ing the past two years they have produced
many thousands of color contact prints,
diapositives, and enlargements for other
photogrammetric firms throughout the
United States.

Wilson & Company, Engineers & Architects

W ILSON & COMPANY, ENGINEERS & AR
chitects, founded in 1932 by the late

Murray A. Wilson, is one of the largest con
sulting engineering and architectural firms
in the central states region. The firm main
tains major offices in Salina, Kansas; Al
buquerque, New Mexico; and in Riyadh,
Saudi Arabia, through its overseas affiliate
firm Wilson-Murrow. Established princi
pally to practice civil engineering, the Com
pany has grown steadily and today maintains
an active practice in all major areas of en
gineering, architecture, and planning. The
diversified, multi-disciplined firm employs a
permanent staff totaling 240 members
stateside with 300 personnel in Saudi
Arabia.

The Surveys and Mapping Department

was established in 1958 when the firm
added photogrammetric plotting instru
ments to its ground surveying capability.
Today, the Department offers the services of
a team ofexperienced and qualified engineers,
land surveyors, photogrammetrists, stereo
operators, scribe-draftsmen, computer
operators, and related technicians. The 40
personnel in the Department comprise a
combined experience record totaling more
than 300 years of survey and mapping ex
perience. The Department's record of ex
perience over the past 18 years includes ser
vice to numerous governmental agencies,
private industry, and individual clients
throughout the United States and Saudi
Arabia.

Our aerial photography is acquired with a


